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	Updates or changes affecting the entire protocol:
	1. Highlighted habitat measurements in bold if required for NAWQA national data aggregation.
	2. Expanded discussion of the usefulness of habitat data and how the data may correlate to aquati...
	3. Added data-analysis section that describes how habitat data can be analyzed statistically.
	4. Added examples of how habitat data were used in aquatic community and water-chemistry analyses...
	5. Added data-management section that links habitat data with files in the NAWQA habitat data dic...
	6. Included several habitat characteristics from the NAWQA habitat data dictionary.
	7. Updated hard-copy forms for recording habitat measurements.
	8. Updated protocol on collection of habitat data on the basis of the results from a survey fille...
	9. Added explanation for collecting habitat data at nonwadeable sites.
	Updates or changes specific to reach scale:

	1. Added a description for identifying bankfull stage.
	2. Added step-by-step instructions for conducting a reach characterization.
	3. Increased the number of transects from six transects in the center of geomorphic channel units...
	4. Dropped the requirements for channel cross sections and point-quarter vegetation at all basic ...
	5. Dropped the previous terminology of "Level I" and "Level II."
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	BASIN CHARACTERIZATION
	Background
	Description and List of Basin Characteristics
	1. Study Unit (SUID)—Use the 4-character code (Meador, Hupp, and others, 1993) designated for eac...
	2. Site type (SITYPE)—Record type of site: BFS, NAWQA basic fixed site; IFS, NAWQA intensive fixe...
	3. Station identification number (C001 or STAID)—List the USGS station identification number for ...
	4. Hydrologic unit code (C020)—Record the 8-digit hydrologic unit code for the basin. See Seaber ...
	5. Station name (C900)—List the USGS station name (may already be available if the site was a pre...
	6. Reference location (C010, C009, C016)—Record the longitude and latitude (in degrees, minutes, ...
	7. State FIPS code (C007)—There are Federal Information Processing Standards codes for each State...
	8. County FIPS code (C008)—There are Federal Information Processing Standards codes for each coun...
	9. State (STATE)—Record name of State for reference location.
	10. County (COUNTY)—Record name of county or parish for reference location.
	11. Township (TWN)—Record the township designation, if available, for the reference location.
	12. Range (RANGE)—Record the appropriate range designation, if available, for the reference locat...
	13. Section (SEC)—Provide the appropriate 1- or 2-digit number of the section, if available, for ...
	14. Quad name(s) (QUAD)—Record the name, scale (for example, 1:24,000), and year of the appropria...
	15. File names and path—Record the directory path and file names for appropriate data files.
	16. Contact person—Record the person in charge of the data in case questions arise later.
	17. Total drainage area (C808)—Delineate basin boundaries and calculate the total drainage area i...
	18. Drainage area method (DRAREAMD)—This pertains to the method used to determine drainage area. ...
	19. Average annual runoff (RUNOFF)—Runoff information can be gathered from a variety of sources a...
	20. Average annual runoff method (RUNOFFMD)—Record the method used. Methods include GAGE, calcula...
	21. Beginning and ending years of record for runoff data (BYRUNOFF and EYRUNOFF)—Record the begin...
	22. Average annual air temperature (TEMP)—Data for average annual temperature (degrees Celsius) c...
	a. Construct Thiessen polygons by connecting nearest-neighbor stations and drawing lines perpendi...
	b. Calculate grid-weighted average created from nearest-neighbor computation;
	c. Draw contour lines of equal temperature (isohyets);
	d. Obtain value from published sources;
	e. Calculate the arithmetic mean temperature for all the weather stations in the basin;
	f. Calculate a grid-weighted average created from kriging computation; and
	g. Other.
	23. Average annual air temperature method (TEMPMD)—The domain for this variable includes THIESSEN...
	24. Beginning and ending years of record for temperature data (BYTEMP and EYTEMP)—This is very im...
	25. Average annual precipitation (PRECIP)—An area-weighted average in centimeters obtained from m...
	26. Average annual precipitation method (PRECIPMD)—Pertains to the method used to determine avera...
	27. Beginning and ending years of record for precipitation data (BYPRECIP and EYPRECIP)—This is v...
	28. Average annual Class A pan evaporation (EVAPAN)—This value is often an area-weighted average,...
	29. Average annual Class A pan evaporation method (EVAPANMD)—Pertains to the method used to deter...
	30. Beginning and ending years of record for evaporation data (BYEVAPAN and EYEVAPAN)—Record begi...
	31. Basin length (BLENG)—Measure the length of the basin in kilometers (> 0.0) by drawing a line ...
	32. Basin length method (BLENGMD)—This pertains to the method used to determine basin length. Rec...
	33. Minimum elevation in the basin (MNELEV)—Determine the minimum elevation in meters above the 1...
	34. Minimum elevation method (MNELEVMD)—This pertains to the method used to determine minimum ele...
	35. Maximum elevation in the basin (MXELEV)—Determine the maximum elevation in meters above NGVD ...
	36. Maximum elevation method (MXELEVMD)—This pertains to the method used to determine maximum ele...
	37. Basin relief ratio (RELRAT)—Determine the difference between the MXELEV and MNELEV. Divide th...
	38. Drainage shape (DRNSHAPE)—Divide the drainage area by the square of the basin length. Units a...
	39. Stream length (SLENG)—Measure the longest stream length in kilometers (> 0.0) from the headwa...
	40. Stream length method (SLENGMD)—This pertains to the method used to determine stream length. R...
	41. Cumulative perennial stream length (PSLENG)—Measure the cumulative length in kilometers (> 0....
	42. Cumulative perennial stream length method (PSLENGMD)—This pertains to the method used to dete...
	43. Drainage density (DRNDENS)—Divide the cumulative stream length by the drainage area. Units ar...
	44. Drainage texture (DRNTEX)—Determine the basin contour with the most crenulations, as noted by...
	45. Entire stream gradient (SLOPE)—A ratio of the difference between elevation at 85 and 10 perce...
	46. Estimated flow characteristics—At least three types of estimated streamflow characteristics a...
	47. Method used to estimate flow characteristics (FLOWMD)—Record method used to estimate flow cha...
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	1. Study Unit (SUID)—Use the 4-letter code designated for each Study Unit.
	2. Station identification number (C001 or STAID)—List the USGS station identification number for ...
	3. Station name (C900)—List the USGS station name.
	4. Segment code (SEGCODE)—The USEPA’s River Reach data base (RF3) is a GIS national hydrographic ...
	5. Location of segment boundaries (USLAT, USLONG, DSLAT, DSLONG)—Record the latitude and longitud...
	6. Method for locating segment boundaries (LOCMD)—Record method used to locate segment boundaries...
	7. Segment (valley) length (SEGLENG)—Using a map wheel (or GIS), record the straight-line length ...
	8. Method used to measure segment length (SEGLENMD)—Record method used to measure segment length....
	9. Curvilinear channel length and distance to reference location (SEGCUR, USDIST, DSDIST)—Using a...
	10. Method used to measure curvilinear channel length (SEGCURMD)—Record method used to measure cu...
	11. Upstream and downstream elevation (USELEV, DSELEV)—Record elevation, in meters, of a segment ...
	12. Method used to measure upstream and downstream elevation (SELEVMD)—Record method used to meas...
	13. Sinuosity (SINUOS)—To calculate sinuosity, divide the curvilinear channel length by the valle...
	14. Segment gradient (GRADIENT)—Determine the gradient of the segment by subtracting the downstre...
	15. Water management feature (WMFID, WMFTYPE, WMFDES, WMFBDATE, WMFEDATE, WMFDIST)—Record the typ...
	16. Strahler stream order (ORDER)—On a USGS 7.5-minute topographic map showing all intermittent a...
	17. Strahler stream-order method (ORDERMD)—Record method used to measure Strahler stream order. D...
	18. Link (Shreve stream order) (LINK)—Calculating the link, or Shreve stream order, for a segment...
	19. Link (Shreve stream order) method (LINKMD)—Record method used to measure link. Data sources i...
	20. Downstream link (DSTRLINK)—Calculate the link of the stream downstream from the segment and b...
	21. Downstream link method (DSLINKMD)—Record method used to measure downstream link. Data sources...
	22. Valley sideslope gradient (SIDEGRAD)—Sideslope gradient is based on the cross-sectional profi...
	23. Method used to measure valley sideslope gradient (SIDEGRMD)—Record method used to measure sid...
	24. File names and path name where data can be found—Record the directory path and file names for...
	25. Contact person for segment data—Record the name of the person responsible for the data.
	26. Comments about segment data (SEGCOM)—Note special circumstances for measurements or data limi...
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	Selection of a Reach
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	Identification of Banks and Bankfull Stage
	Empirical Relations for Identifying Bankfull Stage
	1. Regional curves—Four regional curves (Dunne and Leopold, 1978, p. 615) are available for estim...
	2. State flood-frequency equations—Some States have developed flood-frequency equations for speci...
	3. Recurrence interval at gaged site—If the reach is located near a long-term streamflow gaging s...
	Field Indicators of Bankfull Stage

	1. Point bars—Point bars are accumulations of sediment on the inside of meander bends (Ritter, 19...
	2. Slope changes—There may be several changes in slope along a line drawn perpendicular from the ...
	3. Vegetation patterns—Patterns in the types and density of riparian vegetation can be helpful in...
	4. Undercut banks—In streams with undercut banks topped with dense, herbaceous perennial vegetati...


	Collection of Transect Data
	Additional Optional Measurements
	Surveys of Channel Cross Sections
	Riparian-Vegetation Characterization
	1. Calculate a total for all point-to-tree distances per reach.
	2. Calculate the mean point-to-tree distance per reach.
	3. Calculate the square of the mean point-to-tree distance per reach. (This value gives the mean ...
	4. Divide the unit area (100 m2) by mean point-to- tree distance per reach squared.
	(1)
	Substrate Characterization

	1. Begin the count at each transect at bankfull elevation on the left bank and proceed to bankful...
	2. Proceed one step at a time, with each step constituting a sampling point.
	3. At each step, reach down to the tip of your boot and, with your finger extended, pick up the f...
	4. To reduce sampling bias, look across and not down at the channel bottom when taking steps or r...
	5. As you retrieve each particle, measure the intermediate axis. If the intermediate axis cannot ...


	Description and List of Reach-Scale Habitat Characteristics
	General Reach Information
	1. Study Unit (SUID)—Use the 4-letter code designated for each Study Unit.
	2. Station identification number (C001 or STAID)—List the USGS station identification number for ...
	3. Date (DATE)—Record the date as month, day, and year (4-digit year).
	4. Reach (REACHSEQ)—Reach sequence letter, usually an "A." If more than one reach is characterize...
	5. Station name (C900)—Record the USGS stream name.
	6. Description of reference location (REFLOC)—Provide a general description of the reference loca...
	7. Investigators (INVEST)—Names of the investigators are useful if followup information is necess...
	8. Quality of habitat sampling effort (RCHQUAL)—This is used to denote the quality of the data.
	9. Comments on habitat sampling or conditions (REACHCOM)—Note the general conditions of the reach...
	10. Stage (STAGE)—Record water level as measured to a known point at the time of habitat sampling...
	11. Stage method (STAGEMD)—The method used to measure stage, such as automatic data recorder (ADR...
	12. Instantaneous discharge (DISCH)—If no gaging station is present, measure discharge by using U...
	13. Discharge method (DISCHMD)—Record method used for discharge measurement: gaging station, wadi...
	14. Channel modification at reach (CHMOD)—Note any amount of channel modification at the reach. C...
	15. Mean channel width (MCW)—The wetted channel width is measured from the left edge of water to ...
	16. Curvilinear reach length (REACHLEN)—The curvilinear reach length is measured by following the...
	17. Distance between transects (TRANDIS)—Eleven equidistant transects are spaced evenly within th...
	18. Curvilinear distance from reference location to reach ends (USRCHEND and DSRCHEND)—Measure th...
	19. Location of boundary markers (USBMBK, DSBMBK)—Note the location of the boundary markers to ai...
	20. Boundary marker descriptions (USBMDESC, DSBMDESC)—Describe the type of boundary marker and me...
	21. Reach water-surface gradient (RCHGRAD)—Reach water-surface gradient is the difference between...
	22. Method used to measure reach gradient (RCHGRAMD)—Record the method used, such as surveying le...
	23. Geomorphic channel units (GCUSEQ, GCUTYPE, GCULEN)—While mapping the reach, draw (see diagram...
	24. Diagrammatic mapping (not in data dictionary)—Draw a schematic or representative map of the r...
	Transect Information

	1. Station identification number (C001 or STAID)—List the USGS station identification number for ...
	2. Reach (REACHSEQ)—Reach sequence letter, usually an "A." If more than one reach is characterize...
	3. Date (DATE)—Record the beginning date of reach and transect sampling as month, day, and year (...
	4. Transect number (TCTNO)—The sequential number of each transect is recorded (usually 1 through ...
	5. Habitat type (HABTYPE)—Record whether the transect is located in a riffle, pool, or run. Somet...
	6. Photodocumentation (not in data dictionary)—Note whether or not photos were taken at the trans...
	7. Wetted channel width (CHWIDTH)—Measure the wetted-channel width along the transect from the le...
	8. Bankfull channel width (BFWIDTH)—Measure bankfull channel width along the transect from the to...
	9. Channel width method (CHWIDRM)—Record the method used to measure wetted and bankfull channel w...
	10. Channel features (CHFEAT, CFWIDTH)—If channel bars, shelves, or islands are present, measure ...
	11. Aspect (CHANHEAD)—The aspect of the downstream flow is recorded in degrees (0 to 360) using a...
	12. Canopy angles (LCANANG, RCANANG, CANANG)—Open canopy angle or sun angle is formed by the angl...
	13. Riparian canopy closure (LBSHAD, RBSHAD, CANCLOSR)—Riparian canopy closure is measured with a...
	14. Dominant riparian land use/land cover (LBLULC, RBLULC)—At each transect, the dominant riparia...
	15. Bank angle (LBANGLE, RBANGLE)—A clinometer is used to measure the angle formed by the downwar...
	16. Bank height (LBHIGH, RBHIGH)—Determine the left and right vertical distance from the channel ...
	17. Bank substrate (LBSUB, RBSUB)—Record type of dominant bank substrate. In streams with flood p...
	18. Bank vegetative cover (LBVEG, RBVEG)—Bank vegetation acts to resist erosion and contributes t...
	19. Bank erosion (LBEROS, RBEROS)—Record the presence or absence of bank erosion at each end of t...
	20. Habitat cover features (WD, OV, UB, BO, AM, MS, TB, NO)—Determine the presence/ absence of al...
	21. Transect point (TCTPNO, THALWEG)—The numbers of the three transect points are recorded and th...
	22. Distance from left edge of water (LEWDIST)—The distance from the transect point to the left e...
	23. Depth (DEPTH)—In wadeable reaches, water depth between the water surface and the bed substrat...
	24. Velocity (VELOCITY)—In wadeable reaches, record the average water-column velocity using a Pri...
	25. Dominant bed substrate (BEDSUB)—Determine dominant substrate at each transect point by using ...
	26. Embeddedness (EMBED)—The attribute of embeddedness refers to the degree to which the larger s...
	27. Silt present (SILT)—Record the presence or absence of significant areas of silt at each of th...
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